The distribution and overall fish abundance, and biomass of fish populations in the open water of meso-eutrophic Lake Balaton were studied in 2003-2007 using hydroacoustics and gill nets. Gillnet catches revealed that bleak (53-76 %) common bream (8-42 %), white bream and razor fish (2-18 %) dominated in the open water of the lake. Comparisons of target strength distribution from hydroacoustics and length distribution from the gillnets showed that the fishing gear did not quantitatively catch the smallest and largest size groups of fish. Mean acoustic fish abundance and biomass fluctuated significantly between both basins and years. The biomass of fish populations reflects the trophic gradient along the longitudinal axis of the lake (min-max.: 89-181 kg ha
Introduction
Reliable estimates of fish abundance and biomass in lakes are important fundamentals for many purposes. Data on species composition, length distribution of a commercially used fish stock is required for sustainable fisheries management (Ney 1993 . Among others, quantitative ecological investigations like food web studies may be substantially improved by consistent data on fish biomass . In fisheries management severe errors may have been made due to the inaccuracy in stock assessment (Peltonen et al. 1999) . Different assessment procedures may generate contradictory estimates (Schnute & Hilborn 1993 , Mason et al. 2005 . Conclusions about fish stock dynamics are likely to be more secure if different fish stock evaluation methods are compared, and if they produce sound estimates.
Recently, hydroacoustics as a precise method for assessment of fish abundance proved a useful fisheries management tool for avoiding some of the selectivity issues encountered with traditional gear types (Kubečka et al. 1998 , Knudsen & Saegrov 2002 , Gangl & Whaley 2004 . Moreover, the results of a single hydroacoustic survey can be reproduced reliably and split-beam survey systems differing in sound frequency, beam width and shape, pulse length and ping rate can produce comparable biomass estimates . However, reliability of hydroacoustic fish density estimates are subject to large variations due to different factors (Malinen & Tuomaala 2005) . One of the most important sources of variations is timing of the survey and the effect of changes in distributional patterns of fishes in the water column.
During the years of , Lake Balaton (Hungary) has been heavily impacted by human activities. High point and non-point sources of nutrient loading have led to eutrophication (Herodek 1986 ). To accelerate recovery of Lake Balaton, chemical and biological restoration methods have been applied between 1989 (Jeppesen et al. 2005 , Tátrai et al. 2008 . A reduc-(2) tion in the external and internal Phosphorus loadings along with the removal of cyprinid fish resulted in a significant improvement of the water quality of the lake. Balaton, next to its ecological values, is an internationally important recreational lake. Beside commercial fisheries, more than 100 000 sport fishermen visit the lake annually. Direct surveys and catch data suggest that while community structure changed only slightly, fish biomass responded negatively to reduction in nutrient loading in L. Balaton (Bíró 2000) .
By this time, information on fish stock of Lake Balaton is based on gillnetting and seining. However, accurate biomass estimates of the pelagic fish species are still lacking. Pelagic fish species, which live in the water column of Lake Balaton, are abundant and dominate by omnivore cyprinids (e.g., common bream, Abramis brama L., bleak, Alburnus alburnus L., razor fish, Pelecus cultratus L., silver carp Hypophthalmichthys molitrix Cuv. et Val., rudd, Scardinius erythrophthalmus L. asp, Aspius aspius L.). Quantitative estimates of pelagic fish species are keys to understanding the capacity of Lake Balaton to support current and future populations of wild and hatchery produced predators. The objective of this study was to determine temporal and spatial distribution of fish during [2003] [2004] [2005] [2006] [2007] and to estimate the fish abundance and total fish biomass in the open water of Lake Balaton using hydroacoustics and gillnetting. For comparison between gear types, multimesh gillnets were used to obtain in situ data on relative abundance and length distribution of fish populations. Our aims were : (a) to study the between basin variability of fish abundance and biomass estimates and to determine whether the frequency distribution of single targets from hydroacoustics can reflect the size distribution of fish populations, particularly the occurrence of young fish; and (b) to correlate gillnet data on fish length and abundance per size class with the hydroacoustic data.
Materials and methods

Study area
Lake Balaton is situated in the western part of Hungary, in 10' E at 104.8 m above sea level). The lake is used for recreational purposes and more than 2 million tourists visit the lake every summer. The total surface area of the lake is 596 km 2 and it is the largest calcareous lake in Central Europe (length: 77 km; width: 8 -16 km) (Table 1) . Despite its large area, the mean depth is only 3.2 m and the mean water residence time is 3-8 years (Table 1) . There are 51 minor inflows, 20 of which are permanent ones. The water is frequently turbid because of sediment resuspension and calcite precipitation. The present trophic state of the lake varies from the meso-(eastern and middle basins) to eutrophic (western basin) along the longitudinal axis (Reskóné et al. 2006 ) and the maximum summer chlorophyll-a concentration does not exceed 75 µg l -1 (Table 1) . The natural shoreline (red grass stands) has been limited to 110 km. The remaining 105 km of shoreline is artificially protected with stones and/or concrete walls reducing the original spawning sites and nursery areas for fish.
The fish fauna of the lake consists of 30 permanent species of which common bream, razor fish, bleak and the introduced silver carp are the most abundant in biomass (Bíró 1997 , Specziár et al. 2000 .
Hydroacoustic survey
Hydroacoustic data in Lake Balaton were collected in June -October 2003 , in October 2006 and April-May 2007 . For surveys, we have chosen the days when the wind speed was around 1 m sec -1 . Hydroacoustic data were collected during daytime in the morning (between 08.00-10.00 hours), when most of the cyprinid fish populations are dispersed over the water column, thus enabling a high single target resolution. Bíró, 1984 , Reskóné-Nagy, 2006 . (3) Boat speed for all surveys was 1.6-2.1 m sec -1 . Acoustic data were collected with SIMRAD EK 60 split -beam echosounder (120 kHz, circular beam shape with 7° angle at -3 dB level, pulse duration 256 µs, 14-16 pings s -1 ) ( Table 2 ). The echosounder was calibrated each year using a copper calibration sphere following the standard SIMRAD EK60 protocol. The transducer was mounted horizontally on a towed body, which was lowered to a depth of 0.4-0.5 m on the prow of the boat and tilted 2-3 o downwards. Acoustic data collected during transects were stored on a computer and analysed using SIMRAD Sonar4 (v. 5.8.7) post-processing software (Lindem Data Acquisition; Oslo, Norway).
We conducted horizontal surveys in three basins (eastern, middle and western) along 36 transects (three basins * 2 times per year * 2 years * 3 replicates). (Fig.  1) . Length of each transect was between 1.2-1.6 km. Ten layers from 3 to 18 m (each 1.5 m thick) were used for analysis of target sizes and densities. Calm conditions enabled us to keep relatively low noise threshold and most of fish sizes down to 0+ fry could be observed during our survey, especially in October. Acoustic abundances were based on targets larger than -50 dB, corresponding to cyprinids > 4 cm of total length (L T ). Smaller targets were considered noise. The TS distribution of the targets (3 dB classes according to SIMRAD software) from each transect was converted into fish total length distribution by the equation for 120 kHz echosounder in horizontal plane and for all body aspect by Love (1977) . Frequency distribution of TS, were collated into 3 dB bins and were used to compare fish length data from gillnets samples. Length of fish was converted into biomass by using our empirical length (L T ) weight (W) regression including the four most frequent fish species (common bream, Abramis brama L., n = 109; white bream, Blicca bjoerkna L., n = 89; bleak, Alburnus alburnus L., n = 166; and razor fish, Pelecus cultratus L., n = 121) of the lake (W = 0.0043 L T
3.369
, n = 485, R 2 = 0.943). All conversions of the logarithmic TS distribution into fish biomass were based on an unbiased estimate of mean fish weight per 3 dB group as described in Simmonds & MacLennan (2005) . Average fish density (ind ha -1 ) and biomass (kg ha -1 ) for the basins and the total lake were calculated.
Gillnetting
In each basin of Lake Balaton, a pair of monofilament multi-mesh gillnets (240 m length in total) were set directly next one another simultaneously with the hydroacoustic survey in the morning in June-October 2003 , October 2006 and April-May 2007 (between 08-10 hours) (Fig. 1 ). Each net had nine different mesh sizes (11, 14, 18, 24, 30, 40, 50, 65 and 80 mm) and was 120 m long and 3 m high. Gillnet panels 11-40 mm mesh sizes were 10 m long, while panels 50-80 mm mesh sizes were 20 m long. Catches of the 10 m and 20 m long panels were handled separately before stand- Max. phase deviation 10 phase steps Max. beam compensation 3 dB TS threshold for 40 log R TVG for data collection -60 dB TS threshold for 40 log R TVG for post processing -50 dB Table 2 . Echosounder, transducer and analysis parameters used in fish stock estimation in Lake Balaton.
(4) ardization for fishing effort. All fish were identified to species level and total length (L T ) and mass measured in the laboratory. Gillnet catches were converted to Catch per Unit Effort (CPUE, ind h -1 standard net -1 and g h -1 standard net -1 ) following a gear standardisation for panel size (standard net is a 90 m long net composed of nine panels of equal 10 m length) and fishing time (standard setting time is a 1 hour) with PASGEAR (Kolding 1997) . However, data were not corrected for gillnet selectivity.
Data analysis
Analysis of Variance (ANOVA) was used to test the null hypothesis that no differences existed in neither acoustic fish abundance nor in acoustic biomass among basins. Prior to ANOVA testing, the dependent variable was log 10 transformed to minimize heteroscedasticity. The means of estimated total abundance and biomass in each basin were compared using post-hoc analyses by Tukey's multiple tests. Means total fish abundance and biomass for the whole lake between years was compared using paired t-tests.
Correlation between the standardized CPUE abundance and biomass derived from nets and abundance and biomass calculated from hydroacoustics in three basins of the lake for the years 2003-2004 was tested using pairwise correlation. Given that the gillnets used in our study did not include panels < 11 mm mesh sizes which would be required for the catch of the smallest size class of fish recorded by the echosounder, the < 6 cm size class was excluded from comparative analysis. Analyses were conducted using SYSTAT (version 11.0).
Results
Length frequency distribution
We have compared the relative proportions of fish lengths within the corresponding 3 dB classes of TS with the length distribution of fish from gill nets in Lake Balaton in [2003] [2004] [2005] [2006] [2007] . It has turned out that the hydroacoustic data fully matched the in situ situation in [2003] [2004] (Fig. 2) . However, in 2006 and 2007 sufficient differences were observed in the length proportion between hydroacoustics and gill net catches. The most obvious deviation was that in the gillnets, almost no small and large fish were caught whereas these individuals were counted by echosounder. The peak 
Acoustic fish abundance and biomass
Mean acoustic fish abundance for the whole lake fluctuated significantly both between years (ANOVA, F 3,104 = 74.345, P = 0.000) and basins (ANOVA, F 11,96 = 49.115 P = 0.000) in 2003-2004 and 2006-2007 (Table  3) . Post-hoc analyses by Tukey's multiple comparisons indicated that the mean acoustic fish abundance in Lake 
Gillnet catches
During the 36 fishing trials, 35567 fish consisting of 11 species were caught by gill netting. Gillnet catches in all years were clearly dominated by bleak, Alburnus alburnus L., (53-76 %) in all basins. Other abundant species were bream, Abramis brama L., (8-42 %) white bream, Blicca bjoerkna L., and razor fish, Pelecus cultratus L. (2-18 %). CPUE abundance values showed great variations between years and basins (ranging from 61 to 173 ind h -1 standard net -1 ) and were by 55-63 % higher in the western basins than in the middle and eastern ones. Most of the fish captured by gillnets were in size classes 10-12 cm total length (L T ) and 21-26 cm L T (CPUE = 32-173 ind h -1 standard net -1 ) (Figure 4a ). Total CPUE biomass of fish varied between 1320 and 8973 g h -1 standard net -1 during 2003-2004 and 2006-2007 (Figure 4b ). Mean total CPUE biomass in the eutrophic western basin was by 10-35 % higher as 
Comparison between gillnet catches and acoustics
CPUE abundance seems to be a useful for predicting fish density. Pairwise comparison between gillnet caches of fish of L T > 6 cm and acoustic fish abundance for 2003-2004 and 2006-2007 years yielded positive and highly significant correlation (r 2 = 0.897, t = 7.790, P = 0.000) (Figure 5a ). Three cases were outliers and not included in the regression. There is no doubt that a significant amount of the variation in acoustic fish abundance is explained by CPUE abundance (ANOVA, F 1,7 = 60.689, P = 0.000). Likewise to CPUE abundance, CPUE biomass in gillnets and hydroacoustic fish biomass were correlated too over the samplings done in 2003-2004 and 2006-2007 (r 2 = 0.482, t = 2.553, P = 0.038) (Figure 5b ). Two cases were outliers and not included in the regression. A significant amount of the variation in acoustic fish biomass is explained by CPUE biomass (ANOVA, F 1,7 = 6.519, P = 0.038). 
Discussion
Our study has shown that hydroacoustics provide a useful means for estimating fish size frequency distribution, abundance and biomass in large shallow lakes (Simmonds & MacLennan 2005 , Boswell et al. 2007 ). It has become evident that it is possible to detect fish in large shallow lakes (> 2 m) using horizontally deployed split beam hydroacoustics in a mobile survey. Hydroacoustics is a unique fish sampling technique and offer opportunity for the direct estimation of acoustic fish abundance, size frequency distribution and acoustic fish biomass. Computation of biomass based on acoustic survey requires an assumption that is an overall fish TS-L T relationship has to be supposed, especially for such a mixed fish species assemblage what we are facing to in Lake Balaton. Although the TS-L T relationship proposed by Frouzova et al. (2005) exists for European freshwater fishes (cyprinids, salmonids and percids), but only from 7.2 cm L T . That was the main reason why we adopted the Love's (1977) equation for all body aspect to get acoustic information for fish in L. Balaton. Due to the good match of the data for the medium-sized fish, it seems possible that the formula by Love (1977) can be used to convert TS into fish length for horizontal echosoundings in shallow lakes dominated by bleak and bream. The largest source of variation for the horizontal survey is the effect of fish orientation relative to the transducer and then the translated error on biomass estimates. The effects of fish orientation on TS have been well documented (Simmonds & MacLennan 2005) . The potential influence of fish orientation may occasionally be considerable (Boswell et al. 2007) in the open water of L. Balaton in a similar way considering the schooling behaviour of bleak as one of the dominant scaterrer. Direct observation of such a schooling fish is needed to explain their input to the general scattering on a species-specific level.
Based on gillnet data, the majority of acoustic backscattering data collected during all years may be attributable to bleak, common-and white breams and razor fish, the most numerous species in all basins of the lake. The comparison of relative proportions of fish lengths between gillnet catches and acoustics in the open parts of Lake Balaton showed similarities in ranges across basins, although differences were apparent between years and maybe due to difference in the distribution of schooling YOY fish. Deviations in relative proportions of fish lengths were pronounced for the small and large fish. The 0+ fish, which are < 7 cm in total length by the autumn (Specziár et al. 1997) were not caught by the gillnets. As regards the selectivity of gillnets for larger fish of > 30 L T , their density was too low to guarantee that these fish recorded by acoustics were caught by relatively short gillnets. This contradicts to the Boswell's et al. (2007) observations that is the larger fish caught by gillnets were underrepresented in the acoustic records. The potential explanation given is that larger fish captured were bottom oriented. In our study, the larger benthivorous species (common-and white breams) were well sampled by acoustics being by about 20 cm apart from the sediments. According to Kubečka et al. (1997) targets being more than 18 cm from the bottom with no respects to their orientation are well sampled.
The most obvious deviation between gillnet catches and data from hydroacoustics was found in the younger fish populations. Consequently if >+1 age groups of fish were considered, acoustic fish abundance and CPUE numbers from gillnets were correlated over six sampling dates during [2003] [2004] [2005] [2006] [2007] . The selectivity of the passively catching gillnets had stronger influence on the weak match between acoustic and gillnet data regarding the fish biomass. A reasonably good correlation between CPUE abundance and hydroacoustic abundance could be achieved for larger vendace (Coregonus albula L.), in Lake Stechlin (Mehner & Schulz 2002) , sea fish (sprat, Sprattus sprattus, L., and herring, Clupea harengus, L.) (Hansson & Rudstam 1995) and for large (> 20 cm) pelagic Arctic charr (Salvelinus alphinus L.) and brown trout (Salmo trutta L.) in Windermere (Elliott & Fletcher 2001) .
Hydroacoustic fish density estimates are subject to large variations due to the variety of factors. One of the most important sources of variation is the timing of the survey. According to a great majority of studies, nighttimes is more suitable for assessment than other periods (Appenzeller & Leggett 1992 , Swierzowski 2003 , Kahilainen et al. 2004 , Malinen & Tuomaala 2005 . During the night, fish are typically dispersed in midwater of deep lakes making in situ target strength measurements possible and eliminating the effect of acoustic shadowing (Appenzeller & Leggett 1992) . Unfortunately, no information is available on fish diel pattern in open water area of Lake Balaton. However, Draštík & Kubečka (2005) during a horizontal survey observed a random vertical distribution of fish in about 2 m deepwater layer in L. Balaton nighttimes. This assumption was corroborated by the repeatability of our density estimates in all basins. Diurnal patterns of fish stock estimates were studied in gillnet and in the littoral in the eastern basin (Specziár 2001) . These results showed a significant diel pattern in both the CPUE and the catch (9) composition. In general, the total CPUE increased markedly at sunset, stayed high during the night and dropped drastically with the sunrise. However, during the day the CPUE was quite stable. This pattern was similar in all sampling dates. Hydroacoustic data in Lake Balaton were collected in open water during daytime only from the morning assuming that migrations did not take place during those hours and most of the cyprinid fish populations are dispersed over the water column enabling thus a high single target resolution.
Fish stock of Lake Balaton had been studied for many decades using data obtained by conventional gillnetting and using fishery statistics (Bíró 1984 , 2000 , Specziár 2001 ). Obtaining reliable estimates on acoustic fish abundance and biomass in this large shallow lake seems to be a difficult task. However, as pointed out by Kubečka, Frouzová & Zdenek (1997) horizontal application of narrow beamed scientific sonar appears to be one promising way of covering extensive areas of the lake for obtaining quantitative data on fish stock. Following Kubečka et al. (1997) survey along the northern shore of the lake close to the littoral, our results represent a significant first step for quantifying fish abundance and biomass using hydroacoustics in the open water of Lake Balaton. Mean acoustic fish abundance and biomass fluctuated significantly between both basins and years. The biomass of fish populations reflects the trophic gradient along the longitudinal axis of the lake (min-max.: 34-316 kg ha Kubecka et al. (1997 Kubecka et al. ( ) in 1997 83-251 kg ha -1 ). In fisheries management the accuracy in stock assessment is a key question (Peltonen et al. 1999 ). In many cases, different stock assessment procedures may result in divers and some times contradictory estimates. The discrepancy can be substantial and varying within extremely wide range (factor: 2-25) (Schnute & Hilborn 1993 , Mason et al. 2005 . For L. Balaton, mean lake-wide biomass of fish was 180.6 kg ha -1 in 2003 and it dropped to 89 kg ha -1 by 2007. Difference in acoustic fish biomass between basins of different trophy is two-three times lower comparing to the values assessed from fishery yields in the 1980s (Bíró 2000) . Analyses of commercial catches reveal strong fluctuations and a decrease in the number and biomass of native fish species between 1980-1995. Increased efforts in acoustics to quantify fish assemblages in different habitats of L. Balaton may provide insight into the fish stock size and its dynamics. Moreover, a more rigorous gillnetting is necessary to determine the species composition for calculating species-specific biomass estimates from acoustics and for establishing TS-total length relationship. Finally, the comparison of hydroacoustic estimates of abundance and biomass to gillnet estimates should be continued to develop a more reliable model to be applied in gillnet determined fish stock estimate.
